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Subgroups of lumbo-pelvic flexion
kinematics are present in people with and
without persistent low back pain
Robert A. Laird1,4* , Jennifer L. Keating1 and Peter Kent2,3
Abstract
Background: Movement dysfunctions have been associated with persistent low back pain (LBP) but optimal
treatment remains unclear. One possibility is that subgroups of persistent LBP patients have differing movement
characteristics and therefore different responses to interventions. This study examined if there were patterns of
flexion-related lumbo-pelvic kinematic and EMG parameters that might define subgroups of movement.
Methods: This was a cross-sectional, observational study of 126 people without any history of significant LBP and
140 people with persistent LBP (n = 266). Wireless motion and surface EMG sensors collected lumbo-pelvic data on
flexion parameters (range of motion (ROM) of trunk, lumbar, and pelvis), speed, sequence coordination and timing,
and EMG extensor muscle activity in forward bending (flexion relaxation)), and sitting parameters (relative position,
pelvic tilt range and tilt ratio). Latent class analysis was used to identify patterns in these parameters.
Results: Four subgroups with high probabilities of membership were found (mean 94.9%, SD10.1%).
Subgroup 1 (n = 133 people, 26% LBP) had the greatest range of trunk flexion, fastest movement, full
flexion relaxation, and synchronous lumbar versus pelvic movement. Subgroup 2 (n = 73, 71% LBP) had the
greatest lumbar ROM, less flexion relaxation, and a 0.9 s lag of pelvic movement. Subgroup 3 (n = 41, 83%
LBP) had the smallest lumbar ROM, a 0.6 s delay of lumbar movement (compared to pelvic movement),
and less flexion relaxation than subgroup 2. Subgroup 4 (n = 19 people, 100% LBP) had the least flexion
relaxation, slowest movement, greatest delay of pelvic movement and the smallest pelvic ROM. These
patterns could be described as standard (subgroup 1), lumbar dominant (subgroup 2), pelvic dominant
(subgroup 3) and guarded (subgroup 4). Significant post-hoc differences were seen between subgroups for
most lumbo-pelvic kinematic and EMG parameters. There was greater direction-specific pain and activity
limitation scores for subgroup 4 compared to other groups, and a greater percentage of people with leg
pain in subgroups 2 and 4.
Conclusion: Four subgroups of lumbo-pelvic flexion kinematics were revealed with an unequal distribution
among people with and without a history of persistent LBP. Such subgroups may have implications for
which patients are likely to respond to movement-based interventions.
Keywords: Low back pain, Subgroups, Patterns, Movement disorders, Range of movement (ROM), Flexion
relaxation, Lumbo-pelvic rhythm, Velocity
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Background
Persisent low back pain (LBP) is often described as a
multidimensional problem, within a bio-psycho-social
context [1, 2]. Dimensions that are thought to influ-
ence pain and function include patho-anatomic
changes, cognitions and emotions, lifestyle, societal
circumstances, and movement/posture [3–9]. People
with LBP are quite heterogeneous within these di-
mensions. Identifying clinically important subgroups
that are relatively homogenous within these dimen-
sions has been a research priority [10, 11], based on a
prevailing belief that better outcomes are likely when
treatment is matched with subgroup-specific features.
A number of movement-based classification systems have
been developed, underpinned by observations of relation-
ships between movement and LBP, with the intention of
providing subgroup-specific, targeted treatment [8, 12–15].
Different classification systems use different, albeit overlap-
ping, combinations of examination findings to define sub-
groups, [16]. Examination findings include subjective
reports, visual observation and pain responses to move-
ment, but rarely include measurement of lumbo-pelvic
kinematic parameters.
There is evidence that flexion-related activities are par-
ticularly important in LBP. For example, in a study on
people with subacute LBP by Pengel et al. [17], the three
most frequently nominated pain-related activities were
sitting, bending and lifting, which all involve elements of
flexion. As a consequence, there are potentially import-
ant clinical questions to be investigated in empirical
measurements of flexion-related lumbo-pelvic kinemat-
ics: (i) are there different patterns in the way people per-
form flexion, and (ii) are any patterns more common in
people with persistent LBP than in people who have
never had LBP?
Studies of lumbo-pelvic kinematic parameters have
identified differences in range of motion (ROM) in
people with and without LBP, using between-group
mean differences and their standard deviations (SD), but
have generally not described subgroups based on
lumbo-pelvic kinematics [18, 19]. Identifying that lumbar
ROM is, on average, reduced in people with LBP [18]
would suggest that improving ROM might be a treat-
ment target. However, if some people with LBP do not
have reduced lumbar ROM, a treatment strategy aimed
at increasing lumbar ROM may be unhelpful.
Lumbo-pelvic kinematics include a range of parameters
such as trunk, lumbar and pelvic ROM, timing of re-
gional movement, muscle activation, movement dur-
ation, movement coordination, and postural position.
Using multivariable clusters of these kinematic parame-
ters may identify different patterns of flexion that might
assist in matching targeted interventions to specific
lumbo-pelvic kinematic goals.
Previous work by Marras et al. [20], Dankaerts et
al. [21] and Mayer et al. [22] all used kinematic ana-
lysis to validate pre-defined subgroups of people
with persistent LBP but did not use kinematic data a
priori to define subgroups. Marras et al. [20] quanti-
fied and matched angular data, velocity and acceler-
ation kinematic parameters to modified Quebec
classification subgroups. Dankaerts et al. [21] mea-
sured ROM and EMG parameters in two subgroups
of people classified with an O’Sullivan classification
system [14] and Mayer et al. [22] pre-classified
people with persistent LBP into four groups based
on ‘normal’ versus ‘abnormal’ lumbo-pelvic ROM
and EMG of lumbar extensors during flexion.
The availability of wireless inertial and EMG sen-
sors for use in clinical environments now enables de-
tailed and accurate measurement of lumbo-pelvic
movement. A recent study (Laird et al., 2018, unpub-
lished) on lumbo-pelvic kinematics using data from
this type of device found that, compared to people
without LBP, people with persistent LBP showed a
higher prevalence of smaller trunk, lumbar and pelvic
ROM, slower movement, delayed pelvic versus lumbar
movement and greater lumbar extensor muscle activa-
tion in the fully flexed position. That study also iden-
tified a wide range of variance for most parameters.
It did not, however, investigate whether subgroups of
movement patterns were evident in the data.
The current study aimed to explore (i) if patterns
(subgroups) of flexion-related lumbo-pelvic kinematics
could be identified in a suitably large sample of
people, (ii) if patterns were present, whether they oc-
curred with different frequency in people with and
without persistent LBP, and (iii) to investigate clinical
and demographic characteristics that are associated
with any patterns.
Method
This cross-sectional, observational study used latent
class analysis to identify subgroups in the movement
patterns of flexion-related lumbo-pelvic kinematics
using a previously reported dataset (Laird et al.
2018).
Study sample
Inclusion and exclusion criteria have been previously
reported in detail [23]. In summary, 140 adults (18–
65 years old) with persistent LBP were recruited from
primary and secondary care (physiotherapy clinics and
outpatient departments). Inclusion criteria were LBP >
3 months’ duration, pain scores of 3 or higher (on a
0–10 point numerical rating scale), with current back
+/− leg pain. Exclusion criteria were previous lumbar
surgery; any invasive spinal procedures for LBP,
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including therapeutic injections, within the last
12 months; any serious medical or musculoskeletal is-
sues that had the potential to affect the lumbo-pelvic
region; an implanted electrical medical device; a
BMI > 30 (where it becomes difficult to palpate bony
landmarks); or pregnancy. Adults (n = 126) who had
never had LBP (NoLBP group) were recruited from
universities, workplaces and community groups by
poster and word of mouth advertising and were eli-
gible for inclusion if they had no significant health is-
sues that would affect movement, and no history of
any LBP episode that required visiting a health pro-
fessional or taking time off either work or usual
sport. All participants were screened for inclusion and
exclusion initially by administrative staff and then
re-checked by the assessing clinician. In addition,
people in the NoLBP group were asked if they had
any current LBP and excluded if they did. Demo-
graphic data can be seen in Table 1. There was a sig-
nificant difference in age between the groups, as
people with in the LBP group were, on average,
7 years older than those in the NoLBP group.
Data collection
Data were collected on age, sex, BMI, and for
people with persistent LBP only, pain intensity (nu-
merical rating scale 0–10 using the average of
current, usual, and worst pain scores) [24], activity
limitation (Roland Morris Disability Questionnaire)
[25] and a study-specific, non-validated ‘does flexion
aggravate and extension ease’ (FLAG) pain question-
naire. The FLAG is scored from 0 to 48 where
higher scores indicate a greater pattern of
flexion-aggravating and extension-easing pain behav-
iour (see Appendix). The FLAG has four questions,
two that ask about flexion-aggravating activities and
two that ask about extension-easing activities. Each
question has two parts: the first part asks about fre-
quency and is scored (a) never =0, rarely =1 some-
times =2, often =3, always =4; and the second part
asks about intensity and is scored none =0, low =1,
medium =2, and high =3. For each of the four ques-
tions, a score is calculated by multiplying frequency
(0–4) by intensity responses (0–3) with possible
scores of 0–12. Scores for the four questions were
then summed to give an indication of the extent to
which flexion aggravated and extension eased pain
(maximum score = 48).
Movement data were collected using wireless inertial
motion and electromyographic (EMG) sensors (ViMove
hardware and software, DorsaVi, Melbourne, Australia).
Participants were partially undressed, without shoes and
stood in a relaxed upright position. Motion sensors were
placed over T12 and S2, and EMG sensors applied 1.5 cm
Table 1 Between-group comparisons for demographic and kinematic data
Demographics Details NoLBP (n = 124) LBP (n = 140) p-value
Age (years) 34.4 ± 13.5a 41.4 ± 12.6 p = .0001b
BMI 23.6 ± 3.5 25.6 ± 4.9 p = .0001b
Sex - % female 59% 57% p = .8250
Pain intensity (0–10) 5.3 ± 1.5 not applicable
Activity limitation (0–100) 39 ± 21 not applicable
Kinematic parameters No LBP (n = 124) LBP (n = 140) p-value
Flexion: Peak trunk flexion Trunk flexion angular inclination (T12) 111o ± 16o 93o ± 16o p < .0000b
Flexion: Peak lumbar flexion Lumbar ROM 52o ± 11o 46o ± 12o p < .0000b
Flexion: Peak pelvic flexion Pelvic flexion angular inclination (S2) 59o ± 15o 48o ± 15o p < .0000b
Flexion: Lumbo-pelvic co-ordination Mean Lumbar % contribution 48 ± 11% 49 ± 11% p = .217
Flexion: Flexion Relaxation Response A ratio formed by units of surface EMG activity 0.012 ± 0.32 0.25 ± 0.32 p < .0000b
Sitting: Mean pelvic tilt range Range from full anterior tilt to full posterior tilt 29o ± 13o 29o ± 13o p = .883
Sitting: Mean pelvic tilt ratio A ratio of pelvic tilt range/range of trunk ROM change 2.1 ± 1.3 2.4 ± 1.4 p = .064
Sitting: Mean relative sitting position Max slump sit = 100%, maximum upright sit = 0% 48 ± 35% 50 ± 35% p = .619
No LBP (n = 100) LBP (n = 105)
Flexion: Delay at 0o Mean delay (negative numbers indicate pelvic delay) −0.21 ± 0.46 s −0.36 ± 0.46 s p = .023b
Flexion: Delay at 20o Mean delay (negative numbers indicate pelvic delay) −0.30 ± 0.88 s −0.51 ± 0.90s p = .105
Flexion: Mean movement duration Time from start of flexion to full flexion 2.28 ± 0.94 s 3.18 ± 0.94 s p < .0000b
aAll data represented as mean and standard deviation bsignificant p values italicised
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either side of L3, using a standardized procedure. Motion
sensors were calibrated to zero in the relaxed standing
position.
Movements analysed
Movement and positional data were recorded for
standing, flexion and sitting. People were asked to
stand in their normal standing pose. They were then
asked to bend (flex) towards the ground as far they
could. A single practice repetition was performed.
Three repetitions of flexion with a time count of 3 s
in the fully flexed position were then performed,
using standardized instructions from trained testers
and were automatically captured by a computerized
process. Patients were then instructed to sit in their
usual, full slumped and full upright sitting positions
with angular inclination data averaged over 5 s for
each position once the position was stable. Figure 1
demonstrates the sensor placement.
Lumbo-pelvic kinematic parameter definitions
Eight flexion lumbo-pelvic kinematic parameters were
assessed during a standing flexion movement includ-
ing (i) trunk ROM (angular inclination of the trunk
at T12), (ii) pelvic ROM (angular inclination of the
pelvis at S2), each measured as maximum angular
displacement, (iii) lumbar ROM measured as the dif-
ference between trunk angular displacement at T12
and pelvic angular displacement at S2, (iv)
lumbo-pelvic coordination (also known as
lumbo-pelvic rhythm) measured as the percentage of
lumbar contribution to trunk movement, using two
methods; area under the curve and peak angular dis-
placement, (v) the flexion relaxation response (a re-
sponse where lumbar extensors muscles show full
relaxation in the fully flexed position in healthy indi-
viduals [26]) measured as summed EMG activity of
extensor muscle activity during the fully flexed pos-
ition divided by the sum of EMG activity during ec-
centric (standing to full flexion) and concentric
(return from full flexion) phases (vi) the duration/
time of eccentric flexion from the start of movement
to full flexion where the beginning and end of the
movement was determined by a velocity of > 7°/sec
then < 7°/sec respectively, (vii and viii) relative timing
of lumbar versus pelvic movement at the beginning
of the movement and at 20° (i.e did both lumbar and
pelvic regions move synchronously or was there a
time-related delay in the movement of lumbar or pel-
vic regions at the onset of movement, or in the time
it took for each region to achieve 20° of flexion).
The three sitting kinematic parameters included (i)
pelvic tilt range, the difference between full posterior
and full anterior pelvic tilt as measured by angular in-
clination at S2, (ii) a ‘pelvic tilt ratio’ which compared
the amount of angular pelvic tilt movement to angular
tilting at T12, where numbers > 1 indicate more pelvic
than trunk movement and numbers < 1 indicate more
trunk than pelvic movement and (iii) the ‘usual’ sitting
position, a relative sitting position, calculated as a per-
centage where the slumped sitting angle (full posterior
pelvic tilt) was 100% and the angle of upright sitting (full
anterior tilt) was 0%. These parameters are described in
detail in Additional file 1.
A summary of results for flexion and sitting can be
seen in Table 1 at a group level. Due to a software ver-
sion evolution between 2011 and 2014, the time related
and sitting variables were only available for people mea-
sured after 2014 (LBP group = 105 and NoLBP = 100),
whereas the range of movement and EMG-related data,
were available for all participants.
Statistical analyses
Latent Class Analysis, a probabilistic form of unsuper-
vised (data-driven) analysis, was used to identify po-
tential subgroup models. Latent Class models were
estimated for up to 10 subgroups, using 500 random
seed points to reduce the possibility of local solutions.
A co-variate consisting of the LBP/NoLBP status of
each participant was included in each model to assist
in post-hoc analysis but did not contribute to the
Fig. 1 Sensor placement
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subgroup modelling. The resultant models were ex-
amined for the degree of contributions of each kine-
matic variable and residual correlations within classes.
Model fit was assessed using the Bayesian Information
Criterion and informed by posterior probability diag-
nostics (average posterior probability for each sub-
group, classification error and odds of correct
classification). We planned to choose the model with
the lowest Bayesian Information Criterion score, pro-
vided it reduced the criterion score by 1% or more
when adding a subgroup [7]. Indicator variables that
were not contributing to the discrimination of sub-
groups (r2 < 10%) were removed to create more parsi-
monious models that estimated fewer parameters and
had more power. After the final model was chosen,
participants were assigned to subgroups based on
their individual posterior probability.
A post-hoc analysis of between-subgroup differences
was performed, to assist in profiling and subgroup de-
scription. For variables that were normally distributed,
a one-way analysis of variance was used with
post-hoc (unadjusted alpha level p = .05, Bonferroni
adjusted alpha level p = 0.0083) t-test pairwise com-
parisons. For variables that were not normally distrib-
uted, a Kruskal–Wallis Test was used followed by
Dunn’s test for pair-wise (Bonferroni adjusted alpha
level p = .0083) comparisons. Latent Class Analysis
was undertaken using Latent GOLD 4.5 (Statistical
Innovations Inc., Belmont, CA, USA) and all other
statistical procedures used Stata/IC version 15 (Stata-
Corp, College Station, TX, USA).
Ethics
Ethics approval was obtained from the Monash Uni-
versity Human Research Ethics Committee (approval
number 2016–1100) and from the Regional Commit-
tees on Health Research Ethics for Southern Denmark
(approval number S-20110071). All participants were
given information about the study and they provided
written informed consent.
Results
Selection of subgroups
Initially, latent class models included all 11 kine-
matic variables but, as the sitting-related variables
all contributed little to the subgroup models (all
with an r2 < 4% for each variable), we subsequently
removed mean pelvic tilt range, pelvic tilt ratio and
usual sitting position from further model building.
The model with the lowest eligible Bayesian Infor-
mation Criterion score, was the four-subgroup
model. The mean (SD) probability of membership
for subgroups 1 to 4 was 95.1% (10.0%), 91.2%
(13.4%), 96.7% (7.7%) and 96.6% (11.1%) respectively,
which were considerably above the recommended
minimum for model adequacy of 70% [27]. Collect-
ively, 92.6% of participants had a posterior probabil-
ity of > 80.0% of belonging to the subgroup into
which they were classified and 84.0% of participants
had a greater than 90.0% probability. The overall
classification error of the four-subgroup model was
acceptable at 5.6%.
The odds of correct classification for subgroups 1
to 4 were 19.2, 10.4, 29.4 and 28.2 respectively,
well above the minimum value of 5 that is sug-
gested to represent high assignment accuracy [27].
Figure 2 uses lumbo-pelvic kinematic parameters,
normalised to a 0 to 1 scale, to illustrate differ-
ences between subgroups. Figure 3 provides a clin-
ical interpretation of the four subgroups.
Movement characteristics of the subgroups
Subgroup 1 was the largest group with 50% of the
total cohort (133/266 people) and represented 78%
(98/126) of the NoLBP and 25% (35/140) of the LBP
groups. This cluster was characterized by the largest
trunk ROM with lumbar and pelvic ROM contribut-
ing in almost equal parts to trunk flexion, complete
relaxation of extensor muscles in full flexion, quicker
movement speed and with relatively synchronous
movement of pelvic and lumbar spine at the start and
also at 20° of movement.
Subgroup 2 represented 17% and 37% of the NoLBP
and LBP groups respectively. Compared to subgroup
1, subgroup 2 had less trunk ROM, higher lumbar
and lower pelvic angular inclination with greater acti-
vation of lumbar extensor muscles, slower movement
and a greater delay of pelvic motion at the start and
at 20° of movement, i.e. angular inclination occurred
through the lumbar spine first, followed by pelvic
movement.
Subgroup 3 represented 6% and 24% of the NoLBP
and LBP groups respectively. Compared to Subgroup
1, Subgroup 3 had markedly less lumbar movement
but similar pelvic angular inclination and was differ-
ent from Subgroup 2 with a reversed pattern of less
lumbar and greater pelvic ROM and with greater
lumbar extensor activity at the end of flexion than
Subgroups 1 or 2. Subgroup 3 was the only group to
have delayed lumbar rather than pelvic motion, i.e.
angular inclination occurred at the pelvis first,
followed then by movement of the lumbar spine.
Subgroup 4 contained only people with LBP (14% of
the total LBP group) and also displayed the smallest
trunk and pelvic angular inclination of all subgroups,
but with comparable lumbar flexion ROM. Subgroup 4
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Fig. 2 Comparisons of the means for each subgroup on each kinematic parameter (scale normalised to 0–1). Figure 2 illustrates a clinical
visualization for each subgroup, with angular inclination for trunk (at T12), pelvis angular inclination (at S2), lumbar movement range and lumbar
extension muscle activity (with movement duration and pelvic or lumbar delay at 20o added as text below each subgroup). On the normalised
scale of 0–1, 0 is the lowest score observed and 1 is the highest score
Fig. 3 Clinical visualization of mean peak kinematic parameters, temporal and muscle relaxation parameters for each subgroup. This
figure illustrates the four-subgroup solution with the image describing each parameter using normalized means where 1 = the
maximum value and 0 = 0. For ROM, higher values indicate larger ROM, for lumbo-pelvic rhythm (lumbo-pelvic coordination) higher
scores indicate a larger percentage of lumbar contribution, for ‘time to max flexion’ larger scores indicate slower movement, for
‘difference at 0o and 20o’ lesser scores indicate a lag of pelvic (versus lumbar) movement with the greatest score indicating a lag of
lumbar movement
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had the poorest flexion relaxation response (highest
amount of lumbar extensor activity in the fully flexed
position), slowest movement speed and greatest pelvic
delay at 20° of movement (see Fig. 3).
Between-subgroup differences
Table 2 displays post hoc analysis of between-subgroup
differences. Significant differences were seen for age
(Subgroup 1 versus Subgroup 3 only, p = 0.0049),
direction-specific (flexion aggravates, extension eases) pain
intensity, activity limitation, percentage of people with leg
pain, and for all kinematic parameters, with most p values
< 0.001.
Discussion
This study used data from a previous observational
cohort study to examine whether patterns of move-
ment could be seen in multivariable flexion-related
lumbo-pelvic kinematics (eight standing flexion pa-
rameters and three sitting parameters) and if these
patterns occurred equally in people with and with-
out persistent LBP. Latent Class Analysis identified
four relatively well-defined subgroups with three of
the subgroups containing both NoLBP and LBP par-
ticipants, and one subgroup consisting of LBP par-
ticipants only. These results support the concept
that people demonstrate heterogenous movement
characteristics, and some of those patterns are
Table 2 Subgroup descriptions and post hoc analysis
SubGroup 1 SubGroup 2 SubGroup 3 SubGroup 4 Difference between
subgroups
Percentage of total cohort (n = 266) 50%
(n = 133)
27.4%
(n = 73)
15.4%
(n = 41)
7.1%
(n = 19)
Percentage (and number) of people with LBP in each sub
group cluster
26.3% (35) 71.2% (52) 82.9% (34) 100.0% (19)
Posterior probability of belonging to each cluster 0.95 ± 0.10 0.91 ± 0.13 0.97 ± 0.08 0.97 ± 0.11
Post hoc analysis – demographics
Age 36.5 ± 13.6 3 37.5 ± 13.7 42.1 ± 14.8 38.1 ± 13.5 Yes
Sex (female) 60.9% 57.5% 56.1% 47.3% No
Pain behaviour (for LBP people only)
Pain intensity using numerical rating scale (0–10 scale) 5.2 ± 1.4 5.1 ± 1.3 5.6 ± 1.8 5.3 ± 1.5 No
‘Flexion aggravates, Extension eases’ pain score (0–48
scale) a
12.8 ± 7.3 4 14.5 ± 8.0 4 16.4 ± 8.8 4 22.7 ± 8.4 1,2,3 Yes
Activity limitation (0–100 scale) 31 ± 17 4 38 ± 20 42 ± 22 48 ± 26 1 Yes
Percentage of LBP people with leg pain b 36.3% 2,4 52.0% 1,4 21.8% 4 76.5% 1,2,3 Yes
Lumbo-pelvic flexion kinematic parameters
Trunk Peak ROM (o) 111 ± 12 2,3,4 97 ± 17 1,3,4 89 ± 16 1,2,4 77 ± 20 1,2,3 Yes
Lumbar Peak ROM (o) 51 ± 9 3 54 ± 10 3,4 30 ± 8.5 1,2,4 47 ± 14 2,3 Yes
Pelvic ROM (o) 60 ± 11 2,4 44 ± 5 1,4 59 ± 15 2,4 31 ± 11 1,2,3 Yes
Percentage of lumbar contribution to trunk flexion (%) 47 ± 7 2,3,4 57 ± 10 1,3 35 ± 9 1,2,4 60 ± 9 1,3 Yes
Flexion relaxation response 0.00 ± 0.00
2,3,4
0.04 ± 0.05
3,4
0.48 ± 0.50
1,2
0.72 ± 0.55 1,2 Yes
Duration of trunk flexion (sec) 2.31 ± 0.63
2,3,4
3.11 ± 1.11 1 2.87 ± 0.70 1 4.10 ± 1.83 1 Yes
Pelvic time-lag at start of movement (sec)c + 0.17 ± 0.14
2,4
+ 0.42 ± 0.31
1,3
+ 0.13 ± 0.24
2,4
+ 1.10 ± 1.34
1,3
Yes
Pelvic time-lag at 20o of movement (sec)c + 0.22 ± 0.30
2,4
+ 0.86 ± 0.53
1,4
- 0.55 ± 0.8 4 + 2.04 ± 1.74
1,2,3
Yes
Superscript numbers represent subgroups i.e. 3 = Subgroup3 and indicate a significant difference between the column named subgroup and the
superscripted subgroup
aA study-specific, non-validated questionnaire based on directional pain responses where flexion aggravates and extension eases (see Appendix)
bPercentage calculated by number of people with leg pain in each subgroup over number of people with LBP in each subgroup
cpositive numbers indicate a time-lag (delay) of pelvic movement, i.e. the lumbar spine moves first then the pelvis begins to move, lagging behind lumbar
movement (at start and at 20o of lumbar and pelvic flexion). Negative numbers indicate a time-lag for the lumbar spine, i.e. the pelvis moves or achieves 20o of
flexion earlier than the lumbar spine achieving 20o
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associated with persistent LBP. These findings align
with the heterogeneity reported in and across other
health data such as cognitions, pain behaviour, and
improvement trajectories.
The concept of movement-related subgroups is
not new. Two of the movement patterns identified
in this sample are similar to patterns described in
other classification systems such as the flexion and
‘active-extension’ motor control impairment de-
scribed by O’Sullivan [14, 21] with Subgroup 2 and
Subgroup 3 respectively matching these descriptive
groups. Several studies using pre-classified groups
have identified kinematic differences between flexion
and ‘active extension’ subgroups, and between
people with LBP and healthy controls [21, 28–30].
However, in all of these studies, subgroups were
pre-defined based on observation and history,
without objective measurement of lumbo-pelvic
kinematics, and analysed smaller samples. Where
studies subsequently contrasted those subgroups
using laboratory-based measurement tools, these
contrasts were usually only univariate comparisons.
This study differs by using multivariable clusters of
lumbo-pelvic kinematic parameters to describe
patterns that are seen in both NoLBP and LBP pop-
ulations, in a large sample using wireless motion
and surface EMG sensors that are readily available
for clinical settings.
The relationship between movement and pain
Subgroups 1, 2, and 3 all included people who re-
ported never having had LBP that warranted seeing
a clinician or taking time off work or sport. The
presence of people with no history of LBP in these
subgroups, particularly Subgroups 2 and 3, suggest
that these movement patterns can pre-exist injury or
a chronic pain experience. The decreasing percent-
age of people with no LBP history within Subgroups
2–4 suggests that pain and movement are associ-
ated, and that identifying cause and/or consequence
relationships between pain and movement is likely
to be important. Subgroup 4 included only people
from the LBP group. The observed reduced move-
ment range and increased muscle activation may be
protective of, or a reactive response to, pain. How-
ever, we do not know if pre-existing movement pat-
terns, such as those seen in Subgroups 2 and 3,
increase the risk of developing LBP. Further research
is required to see if the presence of a particular
movement pattern or specific lumbo-pelvic kine-
matic parameter increases the risk of LBP occur-
rence, delays recovery or is associated with differing
trajectories of recovery.
The mean pain score did not differentiate between
subgroups, a finding previously seen in other sub-
grouping studies [29]. However, direction-specific pain
questions (does flexion aggravate and extension ease
pain?) showed increasing pain scores with corres-
pondingly reduced ROM from Subgroups 1 to 4 and
increasingly reduced flexion relaxation. Clinicians
often observe a pain response matched to direction-
ally specific movement ([13, 31, 32], so this relation-
ship between flexion aggravation pain scores and
flexion kinematics is not surprising. A similar pattern
of progressively increased activity limitation from
Subgroups 1 to 4 was seen and is consistent with the
direction-specific pain score that quantified
flexion-related pain activities. Leg pain and pelvic
ROM also showed the interesting and clinical plaus-
ible finding where the two subgroups that had the
lowest pelvic ROM also had the largest percentage of
people with a leg pain component associated with
their LBP (52% and 76% for Subgroups 2 and 4 com-
pared to 36% and 22% for Subgroups 1 and 3).
Implications for research and clinical management
The presence of relatively distinct and different pat-
terns lends support to the concept that treatments
are likely to be more effective if the treatment
matches the identified deficit. For example, improv-
ing the flexion relaxation response is recommended
for people with persistent LBP and may be helpful
for people in Subgroups 3 and 4 but is unlikely to
assist when people with persistent LBP have the
flexion movement pattern seen in Subgroups 1 and
2. Similarly, improving lumbar ROM may be helpful
for people in Subgroup 3, where lumbar flexion has
the greatest reduction, but is less likely to be useful
for people in Subgroup 4 where lumbar flexion is
only slightly less than almost 80% of the NoLBP
group. While there is limited evidence that individ-
ualized treatment approaches have favourable out-
comes [31, 33–35], it is unknown if treatments
aimed at specific kinematic subgroups have better
outcomes. If these subgroups continue to be seen in
other samples, matching specific treatments to sub-
groups based on lumbo-pelvic kinematics could be
a focus for further research.
While pain and activity limitation are seen to
some extent in all people with persistent LBP, this
is not necessarily true for the presence of some
lumbo-pelvic kinematic features. In this sample, 25%
of people with persistent LBP had a ‘standard’ pat-
tern of movement that was found in almost 80% of
the NoLBP group, suggesting that people in this
subgroup have flexion kinematics that are not obvi-
ously affected by pain and are the same as people
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without LBP. It is possible that other unmeasured
parameters (e.g. ROM in other directions, different
muscle activation patterns or strength factors) might
have been problematic or it may be that movement
factors are not relevant for some people with per-
sistent LBP. This has implications for research and
measuring change in movement as an outcome
measure. Measuring changes to pain and activity
limitation are relevant to most LBP patients but
measuring change to movement may be less relevant
for some people.
Strengths
Classification accuracy was high which provides greater
confidence in observing subgroup patterns. The sample
size was sufficiently large to observe non-predetermined
patterns. An additional benefit was the inclusion of 126
people with no history of significant back pain which
allowed insight into whether movement patterns could
pre-exist the onset of pain.
There are clinically relevant strengths of this study.
The use of single, univariable comparisons has fre-
quently been used to contrast NoLBP and LBP groups,
with varying results [18]. A strength of using multivari-
able lumbo-kinematic parameter analysis that uses clus-
ters of parameters to define patterns (subgroups) of
patients is that it reflects real-world clinical practice
which incorporates many sources of information in
decision-making. For example, including pelvic ROM as
one of the flexion-related lumbo-pelvic parameters com-
bined with the flexion relaxation response helped differ-
entiate between Subgroups 2 and 4. Conversely, if
lumbar ROM were the main measure of physical assess-
ment without reference to other measures, the distinc-
tion between those subgroups would not be possible.
Another clinically relevant strength is that the
lumbo-pelvic kinematic parameters used in this study
can all be measured in a typical clinical setting.
Limitations
Flexion was chosen as the focus of kinematic assess-
ment because flexion-related activities have been pre-
viously identified as the most common pain-related
activities in people with LBP [17]. Additionally, previous
work has shown that flexion has greater measurement re-
liability and consistency compared to other directions,
most likely due to the larger relative ROM, limited effect
of attenuation of range on correlational indices, and lower
susceptibility to skin movement artefacts [23]. However,
other movement directions and parameters (i.e strength,
proprioception) may also inform clinical decision-making.
The inclusion of other movement-related parameters are
likely to add to, and change, overall subgroup profiles. It is
also possible that while flexion was not problematic for
some of the people with persistent LBP in this sample,
other movement directions, e.g. extension, could have
been painful for them. Also, functional tasks are often
three dimensional, whereas this sample of people were
tested using sagittal plane motion only. However, Marras
et al. [36] and Gombatto [28] both assessed para-sagittal
and three-dimensional movement, with both studies dem-
onstrating that the sagittal plane was the movement plane
where movement effects were most visible. It would both
be very difficult to assemble a sample of people who had
never experienced any LBP at any time point, and the re-
sults from such a group would not be broadly applicable
to the general population. In addition, age can affect ROM
and there was a significant difference in age only between
Subgroups 1 and 3 of approximately 6 years. In our view,
that difference is unlikely to account for the 21o difference
of lumbar ROM seen between those subgroups. Another
limitation of the study was that other pain-related param-
eters such as duration of pain and frequency of recurrence
may have provided additional information about subgroup
characteristics. Lastly, these results have not been verified
in an independent sample and, until such time, the possi-
bility that observed clusters are sample specific, must be
considered.
Conclusion
Movement was studied in 140 people with and 126
people without persistent LBP, with four movement-
pattern subgroups seen in flexion related lumbo-pelvic
kinematics. Subgroup 1, the ‘standard’ group was the lar-
gest, accounting for almost 80% of NoLBP and 25% of
people with LBP and 50% of the total group. Subgroup 1
(‘standard’ subgroup) had the greatest trunk ROM, full
flexion relaxation at end range flexion, and relatively syn-
chronous pelvic and lumbar movement. Subgroups 2 (‘lum-
bar-dominant’) and 3 (‘pelvic-dominant’) showed
progressive loss of flexion relaxation and opposite
lumbo-pelvic rhythm patterns. Subgroup 4 (‘guarded’
movement) had the lowest trunk and pelvic ROM,
but similar lumbar ROM to the standard subgroup,
had the highest extensor muscle activation in full
flexion, the slowest movement, and the greatest pel-
vic delay. In addition, leg pain occurred more fre-
quently in the two subgroups that had the lowest
range of pelvic movement. Although mean pain inten-
sity scores were similar across subgroups, activity limita-
tion and the ‘flexion aggravates/extension eases’ pain
scores progressively increased, reaching significance for
the comparison between Subgroup 1 (standard) and Sub-
group 4 (guarded). These results indicate that different
patterns of flexion are present in people with and without
persistent LBP and this has implications for both further
research and treatment.
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Fig. 4 The study-specific, non-validated ‘does flexion aggravate and extension ease’ (FLAG) pain questionnaire
Fig. 5 Calculation of the flexion relaxation response. Displays a person moving into flexion with the X axis representing time and the Y axis
representing ROM. The green line indicates EMG activity of lumbar extensors muscles. The calculation for determinig the flexion relaxation ratio
is displayed
Appendix
Study specific LBP questionnaire on flexion
aggravates, extension eases (FLAG questionnaire)
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Additional file
Additional file 1: Definition details for lumbo-pelvic kinematic parame-
ters. (DOCX 22 kb)
Abbreviations
FRR: Flexion relaxation response; LBP: Low back pain; NoLBP: Participants without
low back pain; RMDQ: Roland Morris disability questionnaire; ROM: Range of motion
Funding
No funding was received for this study.
The lead author (RL) has been engaged as a consultant by DorsaVi for
training clinicians in how to use the ViMove device, but otherwise has no
financial interest in the company, DorsaVi, nor has received any funding for
this study. DorsaVi had a 25% ownership in a private physiotherapy clinic
that RL is a director. In 2012, PK received a market-rate consulting fee from
DorsaVi for clinical trial design advice unrelated to the current study, but
otherwise has no financial interest in the company, DorsaVi.
Availability of data and materials
The datasets generated and/or analysed during the current study are
not publicly available due to the data being used for further research
in a current PhD project, but are available from the corresponding
author on reasonable request. All raw data and information related to
additional files can be obtained from the first author at
robert.laird@monash.edu.
Authors’ contributions
RL contributed to data collection. RL was the main author of this
paper, leading the concept, writing, data analysis, interpretation, draft
revision and gave approval of the final manuscript. JK and PK both
provided concept guidance, statistical direction, analysis, draft revision
and gave approval of the final manuscript. RL, JK and PK agree to be
accountable for all aspects of the work in ensuring that questions
related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. All authors read and approved
the final manuscript.
Fig. 6 Onset delay of lumbar or pelvic movement. These graphs show ROM (Y axis) changes over time (X axis). Graph A was from a
person who moved their lumbar spine into flexion with a two second delay before the pelvis started moving. Graph B shows a more
typical pattern with a synchronous start of movement of the lumbar spine and pelvis. The green line indicates EMG activity of lumbar
extensor muscles
Laird et al. BMC Musculoskeletal Disorders  (2018) 19:309 Page 11 of 13
Ethics approval and consent to participate
This research project was performed in accordance with the Declaration of
Helsinki with approval obtained from the Monash University Human Research
Ethics Committee (approval number CF12/1995–20 12,001,090, 2016–1100) and
the Regional Committees on Health Research Ethics for Southern Denmark
(approval number S-20110071). All participants gave written informed consent
for testing and use of de-identified data, through the use of an ethics
committee-approved patient information and consent form.
Consent for publication
All participants were provided with a Monash University Human Research
Ethics Committee-approved patient information and consent form, which
included consent for publication. All participants provided signed consent
forms before being admitted into the study.
Competing interests
No benefits in any form have been, or will be, received for this study from a
commercial party related directly or indirectly to the subject of this paper.
This paper does not contain information about drugs. The authors do not
hold stocks or shares in any company that might be directly or indirectly
affected by this study. No patents have been applied for or received due to
the content of this paper and there are no non-financial competing interests
associated with this paper.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Department of Physiotherapy, Monash University, PO Box 527, Frankston,
Victoria 3199, Australia. 2School of Physiotherapy and Exercise Science, Curtin
University, Perth, Australia. 3Department of Sports Science and Clinical
Biomechanics, University of Southern Denmark, Odense, Denmark.
4Superspine, Forest Hills, Melbourne, Australia.
Received: 1 May 2018 Accepted: 16 August 2018
References
1. Waddell G. A new clinical model for the treatment of low-back pain. Spine.
1987;12(7):632–44.
2. Marin TJ, Van Eerd D, Irvin E, Couban R, Koes BW, Malmivaara A, Van Tulder
MW, Kamper SJ. Multidisciplinary biopsychosocial rehabilitation for subacute
low back pain. Cochrane Database Syst Rev. 2017;6:CD002193.
3. O'Sullivan P, Smith A, Beales D, Straker L. Understanding adolescent low
back pain from a multidimensional perspective: implications for
management. J Orthop Sports Phys Ther. 2017;47(10):741–51.
4. Deyo R, Bryan M, Comstock B, Turner J, Heagerty P, Friedly J, Avins A,
Nedeljkovic S, Nerenz D, Jarvik J. Trajectories of symptoms and function in
older adults with low back disorders. Spine. 2015;40(17):1352–62.
5. O'Sullivan PB. Diagnosis and classification of chronic low backpain disorders:
maladaptive movement and motor control impairments as underlying
mechanism. Manual Ther. 2005;10:242–55.
6. Sahrmann S. Movement impairment syndromes of the lumbar spine. In:
Diagnosis and treatment of movement impairment syndromes. 1st ed. St.
Loius: Mosby Inc; 2002. p. 5–118.
7. Kongsted A, Kent P, Hestbaek L, Vach W. Patients with low back pain had
distinct clinical course patterns that were typically neither complete
recovery nor constant pain. A latent class analysis of longitudinal data.
Spine J. 2015;15:885–94.
8. Delitto A, Erhard RE, Bowling RW. A treatment-based classification approach
to low back syndrome: identifying and staging patients for conservative
treatment including commentary by DeRosa CP and Greathouse DG with
author response. Phys Ther. 1995;75(6):470–89.
9. Kongsted A, Kent P, Albert h JT, Manniche C. Patients with low back pain
differ from those who also have leg pain or signs of nerve root
involvement – a cross-sectional study. BMC Musculoskelet Disord. 2012;12:
236–45.
10. Borkan JMMDP, Koes BP, Reis SMD, Cherkin DCP. A report from the second
international forum for primary care research on low back pain:
reexamining priorities. Spine. 1998;23(18):1992–6.
11. Costa LCMP, Koes BWMDP, Pransky GMDMOH, Borkan JMDP, Maher
CGMDP, Smeets RJEMMDP. Primary care research priorities in low back pain:
an update. Spine. 2013;38(2):148–56.
12. McKenzie R, May S. Lumbar Spine, Mechanical Diagnosis and Therapy. 2nd
ed. Waikanae: Spinal Publications Ltd; 2003.
13. Sahrmann S. Diagnosis and treatment of movement impairment
syndromes. St. Louis: Mosby; 2002.
14. O’Sullivan P. Diagnosis and classification of chronic low back pain disorders:
maladaptive movement and motor control impairments as underlying
mechanism. Manual Ther. 2005;10(4):242–55.
15. Hodges P, Cholewicki J, Van Dieen J. Spinal control: the rehabilitation of
back pain. Edinburgh: Elsevier; 2013.
16. Karayannis N, Jull G, Hodges P. Physiotherapy movement based
classification approaches to low back pain: comparison of subgroups
through review and developer/expert survey. BMC Musculoskelet Disord.
2012;13:24.
17. Pengel LH, Refshauge KM, Maher CG. Responsiveness of pain, disability, and
physical impairment outcomes in patients with low back pain. Spine. 2004;
29(8):879–83.
18. Laird R, Gilbert J, Kent P, Keating J. Comparing lumbo-pelvic kinematics in
people with and without back pain: a systematic review and meta-analysis.
BMC Musculoskelet Disord. 2014;15(1):229.
19. Marras WS, Ferguson SA, Gupta P, Bose S, Parnianpour M, Kim JY, Crowell
RR. The quantifications of low back disorder using motion measures:
methodology and validation. Spine. 1999;24(20):2091–100.
20. Marras WS, Parnianpour M, Ferguson SA, Kim JY, Crowell RR, Bose S, Simon
SR. The classification of anatomic- and symptom-based low back disorders
using motion measure models. Spine. 1995;20(23):2531–46.
21. Dankaerts W, O’Sullivan P, Burnett A, Straker L, Davey P, Gupta R.
Discriminating healthy controls and two clinical subgroups of nonspecific
chronic low back pain patients using trunk muscle activation and
lumbosacral kinematics of postures and movements: a statistical
classification model. Spine. 2009;34(15):1610–8.
22. Mayer TG, Neblett R, Brede E, Gatchel RJ. The quantified lumbar flexion-
relaxation phenomenon is a useful measurement of improvement in a
functional restoration program. Spine. 2009;34(22):2458–65.
23. Laird R, Kent P, Keating J. How consistent are lordosis, range of movement
and lumbo-pelvic rhythm in people with and without back pain? BMC
Musculoskelet Disord. 2016;17:403–17.
24. Ross R, LaStayo P. Clinical assessment of pain. In: van Deusen J, Brunt D,
editors. Assessment in Occupational Therapy and Physical Therapy.
Philadelphia: WB Saunders Co; 1997.
25. Roland M, Fairbank J. The Roland-Morris disability questionnaire and the
Oswestry disability questionnaire. Spine. 2000;25(24):3115–24.
26. McGorry RW, Lin J-H. Flexion relaxation and its relation to pain and function
over the duration of a back pain episode. PLoS ONE. 2012;7(6):e39207.
27. Nagin D. Group-based modeling development. Cambridge: Harvard
University Press; 2005.
28. Gombatto S, D'Arpa N, Landerholm S, Mateo C, O'Connor R, Tokunaga
J, Tuttle L. Differnece in kinematics of the lumbar spine and lower
extremities between poeple with and wihtout low back pain during
the down phase of a pick up task, an observational study.
Musculoskelet Sci Pract. 2017;28:25–31.
29. Hemming R, Sheeran L, van Deursen R, Sparkes V. Non-specific chronic low
back pain: differences in spinal kinematics in subgroups during functional
tasks. Eur Spine J. 2017;27(1):163–70.
30. Dankaerts W, O’Sullivan P, Burnett A, Straker L. Altered patterns of superficial
trunk muscle activation during sitting in nonspecific chronic low back pain
patients: importance of subclassification. Spine. 2006;31(17):2017–23.
31. Long A, Donelson R, Fung T. Does it matter which exercise? A randomized
control trial of exercise for low back pain. Spine. 2004;29(23):2593–602.
32. Maitland G. Peripheral manipulation. 3rd ed. London: Butterworth-
Heinemann; 1991.
33. Fersum KV, O'Sullivan P, Skouen JS, Smith A, Kvale A. Efficacy of
classification-based cognitive functional therapy in patients with non-
specific chronic low back pain: a randomized controlled trial. Eur J Pain.
2012;17(6):916–28.
34. Ford JJ, Hahne AJ, Surkitt LD, Chan AY, Richards MC, Slater SL, Hinman RS,
Pizzari T, Davidson M, Taylor NF. Individualised physiotherapy as an adjunct
to guideline-based advice for low back disorders in primary care: a
randomised controlled trial. BJSM online. 2016;50(4):237–45.
Laird et al. BMC Musculoskeletal Disorders  (2018) 19:309 Page 12 of 13
35. Kent P, Laird R, Haines T. The effect of changing movement and posture
using motion-sensor biofeedback, versus guidelines-based care, on the
clinical outcomes of people with sub-acute or chronic low back pain-a
multicentre, cluster-randomised, placebo-controlled, pilot trial. BMC
Musculoskelet Disord. 2015;16:131–50.
36. Marras WS, Ferguson SA, Gupta P, Bose S, Parnianpour M, Kim JY, Crowell
RR. The quantification of low back disorder using motion measures:
methodology and validation. Spine. 1999;24(20):2091–100.
Laird et al. BMC Musculoskeletal Disorders  (2018) 19:309 Page 13 of 13
